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Abstract: Human saliva is an easily accessible biological fluid and contains a variety of disease-related
biomarkers, which makes it a potential diagnostic medium. The clinical use of salivary/oral fluid
biomarkers to identify oral and systemic conditions requires the development of non-invasive
screening and diagnostic technologies, and is among the main goals of oral fluid researchers.
The analysis of the disease-specific oral and systemic biomarkers in saliva and oral fluids
(i.e., mouth-rinse, gingival crevicular fluid (GCF) and peri-implantitis sulcular fluid (PISF)) is
demanding. Several factors influence their expression and release; these factors include the
intracellular location, the molecular size and the flow characteristics of the biological fluid. The type
of saliva/oral fluid utilized for the diagnostics affects the analysis. High sensitivity together with
sophisticated methods and techniques are essential to get a useful outcome. We describe here
a recently developed mouth-rinse that is practical, convenient and inexpensive, as well as PISF
chair-side/point of care (PoC) lateral-flow active matrix metalloproteinase (aMMP-8) immunoassays
to detect, predict and monitor the course and treatment of periodontitis and peri-implantitis.
Keywords: diagnostic test; point-of-care; periodontitis; peri-implantitis; systemic diseases
1. Introduction
Human saliva is an easily accessible biological fluid and contains a variety of disease-related
biomarkers, which makes it a potential diagnostic medium. Whole saliva is secreted from three pairs
of major salivary glands—the parotid, submandibular and sublingual glands—and numerous minor
salivary glands from non-glandular sources, such as gingival crevicular fluid (GCF) [1]. Salivary
production per day is 0.5 to 1.5 L in normal conditions, and saliva’s components are 98% water and
the 2% electrolytes, mucus, antibacterial compounds, and various enzymes. This unique oral fluid
has multiple functions, such as rinsing, solubilization of food substances, food and bacterial clearance,
lubrication of soft tissues, bolus formation, dilution of detritus, swallowing, speech and facilitation of
mastication, all of which are related to its fluid characteristics and specific components. In addition,
saliva components contribute to mucosal coating, digestion and antibacterial defence (Figure 1) [2].
Furthermore, inflammatory biomarkers associated with oral and common systemic diseases have been
identified in saliva: interleukins-1β, -6 and -8 (IL-1β, -6 and -8), tumour necrosis factor-a (TNF-α),
matrix metalloproteinases (MMP)-8 and -9, and tissue inhibitors of metalloproteinase (TIMP)-1 [3,4].
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Figure 1. Components, properties and secretion of human whole saliva.  
1.1. Saliva as a Diagnostic Medium 
Utilization of inflammatory and disease-specific biomarkers in saliva could offer an attractive 
solution for screening or diagnosis of different conditions. Salivary composition essentially originates 
from blood, but in the salivary glands, active transport and secretion mechanisms may change the 
saliva composition as the organic components of glandular specific saliva are derived from protein 
synthesis and are stored within the acinar cells [5,6]. Based on this biological mechanism, saliva could 
be an alternative to plasma/serum analysis for screening, diagnostic and prognostic purposes as well 
as evaluation of treatment outcome. The biggest advantage of using saliva is that collection is non-
invasive and a plausible method. 
1.2. Salivary Biomarkers and Oral Diseases 
Local inflammation is characterized by being present in an isolated area of the body; in this case 
it is the oral cavity and is called oral inflammation. Inflammatory mediators are released from 
different cells due to inflammatory conditions and the inflammatory biomarkers associated with oral 
diseases have been analyzed in saliva samples, like interleukins, tumour necrosis factors, lysozymes, 
matrix metalloproteinases, tissue inhibitors of metalloproteinases, myeloperoxidase and the total 
protein contain [3,5,7]. 
1.3. Salivary Biomarkers and Periodontal Disease 
The term “periodontal disease” encompasses gingivitis, chronic periodontitis and aggressive 
periodontitis, and there are numerous subcategories as well: periodontitis as a manifestation of 
systemic disease, necrotizing periodontal disease, abscesses of the periodontium, periodontitis 
associated with endodontic lesions, and development of acquired deformities and conditions, 
according to the International Workshop for the Classification of Periodontal Disease [8]. There are 
two forms of gingivitis: plaque-induced gingivitis and non-plaque-induced gingivitis. The most 
common type is plaque-induced gingivitis with the presence of inflammation in the gum. Clinical 
features of plaque-induced gingivitis are redness, swelling, and bleeding. This condition is reversible, 
usually be treatment and adequate oral care maintenance [8]. 
Periodontitis is the sixth most common chronic inflammatory disease in the world [9]. It is a 
multifactorial condition and is associated with complex interactions between periodontal bacteria 
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1.1. Saliva as a Diagnostic Medium
Utilization of inflammatory and disease-specific biomarkers in saliva could offer an attractive
solution for screening or diagnosis of different conditions. Salivary composition essentially originates
from blood, but in the salivary glands, active transport and secretion mechanisms may change the
saliva composition as the organic components of glandular specific saliva are derived from protein
synthesis and are stored within the acinar cells [5,6]. Based on this biological mechanism, saliva could
be an alternative to plasma/serum analysis for screening, diagnostic and prognostic purposes as
well as evaluation of treatment outcome. The biggest advantage of using saliva is that collection is
non-invasive and a plausible method.
1.2. Salivary Biomarkers and Oral Diseases
Local inflammation is characterized by being present in an isolated area of the body; in this case it
is the oral cavity and is called oral inflammation. Inflammatory mediators are released from different
cells due to inflammatory conditions and the inflammatory biomarkers associated with oral diseases
have been analyzed in saliva samples, like interleukins, tumour necrosis factors, lysozymes, matrix
metalloproteinases, tissue inhibitors of metalloproteinases, myeloperoxidase and the total protein
contain [3,5,7].
1.3. Salivary Biomarkers and Periodontal Disease
The term “periodontal disease” encompasses gingivitis, chronic periodontitis and aggressive
periodontitis, and there are numerous subcategories as well: periodontitis as a manifestation of
systemic disease, necrotizing periodontal disease, abscesses of the periodontium, periodontitis
associated with endodontic lesions, and development of acquired deformities and conditions,
according to the International Workshop for the Classification of Periodontal Disease [8]. There are two
forms of gingivitis: plaque-induced gingivitis and non-plaque-induced gingivitis. The most common
type is plaque-induced gingivitis with the presence of inflammation in the gum. Clinical features of
plaque-induced gingivitis are redness, swelling, and bleeding. This condition is reversible, usually be
treatment and adequate oral care maintenance [8].
Periodontitis is the sixth most common chronic inflammatory disease in the world [9].
It is a multifactorial condition and is associated with complex interactions between periodontal
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bacteria (Porphromonas gingivalis, Tannerella forsythia and Treponema denticola, together with
Aggregatibacter actinomycetemcomitans), the host inflammatory response, and genetic, environmental
and behavioral risk factors. The most common form of the disease is plaque-induced
periodontitis, characterized by gingival inflammation, release of different pro-inflammatory cytokines,
and destruction of periodontal tissues and alveolar bone. Pocket formation and swollen and bleeding
gingiva are the clinical signs of periodontitis. Chronic periodontitis is a slowly progressing disease but it
can include episodes of more rapid progress. The supporting collagen of the periodontium degenerates,
resorbing alveolar bone, and the gingival epithelium migrates along the tooth surface, ultimately
forming a periodontal lesion. Finally, the outcome of untreated periodontitis is tooth loss [10,11].
Diagnosis of periodontal disease is based upon clinical examination and radiographical assessments
of periodontal tissues but tools for screening/diagnosis, evaluation of severity and prognosis of
periodontal disease are presently insufficient. Based on this, disease-specific biomarkers in saliva as
a complement to regular clinical and radiographical examinations are of interest, in particular for
point-of-care (PoC) periodontitis tests.
Whole saliva contains local- and systemic-derivative biomarkers, which raises the possibility of
using saliva as a diagnostic medium for periodontal disease. Inflammatory biomarkers, such as IL-1β,
IL-6, and IL-8, MMP-8, TIMP-1 and TNF-α associated with oral diseases: dental caries, gingivitis and
periodontitis have been detected in saliva [3,4,7,12].
In inflammatory disorders, matrix metalloproteinases (MMPs) are highly involved. In humans,
twenty-three genetically distinct MMPs have been identified; they are calcium-dependent zinc
containing endopeptidases that play an important role in tissue development and remodeling as
well as in pathological processes [13]. MMPs are involved in the pathogenesis of a large number
of different diseases and conditions as they have an anti-inflammatory and tissue destructive role
and [14]. MMPs are produced in different forms, in latent, non-active pro-forms, and are activated
extra- or intracellularly depending on the structure of the MMP molecules [15]. Tissue inhibitors
of metalloproteinases (TIMPs) are the main inhibitors of MMPs that control the extracellular matrix
component breakdown [16]. Among all MMPs, MMP-8 and -9 are associated with periodontal disease
according to previous studies [17]. Neutrophil collagenase/MMP-8 released due to inflammatory
conditions by neutrophils, endothelial and smooth muscle cells and macrophages [17]. Previous
investigations showed that salivary MMP-8 levels are associated with progressive loss of attachment
in periodontitis [17,18]. In addition, salivary levels of IL-1β and MMP-8 are significantly associated
with severe periodontitis compared to healthy controls [7].
1.4. Salivary Biomarkers and Peri-Implantitis
Peri-implantitis is an inflammation in peri-implant tissues and loss of supporting alveolar
bone. The overall prevalence of peri-implantitis is 14%–30% according to a systematic review [19],
and several cross-sectional studies conducted in Sweden reported that moderate and severe
forms of peri-implantitis occurred in subgroups of 15%–20% of implant-carrying subjects [20,21].
The inflammation in peri-implantitis lesions are more aggressive compared to periodontal lesions, so
prevention of peri-implantitis is a high priority [22]. Mucositis is the precursor to peri-implantitis,
and the progression is from healthy implant mucosa to mucositis and finally to peri-implantitis.
Preventive care, treatment and management of mucositis prevent the transformation of mucositis to
peri-implantitis [22]. Such assessments are difficult since they entail early detection and signs of loss of
supporting tissues. So far, peri-implant bone loss and the progression pattern of the disease have been
evaluated by radiographs in patients with severe forms of peri-implantitis.
Number of studies reveal that oral fluid biomarkers could be used to discover
peri-implantitis [23,24]. Mouth rinsing could offer a low-cost and non-invasive method for
collecting oral fluid, in particular for adjunctive point-of-care (PoC) peri-implantitis diagnostics [25].
In peri-implantitis lesions, MMP-8 is a major destructive collagenase [25] and results from previous
studies showed that MMP-8 in oral fluids could have predictive value [26–29]. In addition,
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the progression of peri-implantitis has been repeatedly associated with pathologically excessive
elevation of MMP-8 in oral fluids [30]. There are some studies that have measured MMP-8 in implant
sulcus fluid, GCF and saliva [31,32] but there is a gap in knowledge based on the utility of a POC oral
fluid MMP-8 test for chair-side diagnostics of peri-implantitis.
1.5. Salivary Biomarkers and Dental Caries
Dental caries is a multifactorial infectious disease and is highly prevalent around the world [33].
Cariogenic microorganisms in the oral biofilm is the main cause of dental caries. Saliva has multiple
factors that protect the teeth not to get decayed [34]. The most common way of diagnosis dental
caries is based to clinical- and radographical examinations as well as measurement of salivary
flow rate. Saliva has different measurable biomarkers that could be used for diagnosis, prediction,
prognosis, management and evaluating the outcome of therapeutic regimens. Dental caries-associated
pathogens have been detected in saliva, such as Streptococcus mutans, Streptococcus sobrinus [35],
Lactobacilli [36], Streptococcus sanguinis, Streptococcus salivarius [37], Actinomyces spp [38], Veillonella [39]
and Candida albicans [40]. Salivary electrolytes biomarkers, namely calcium, fluoride, phosphate
and bicarbonate, are considered to be highly important for protecting teeth from dental caries [41].
Additional human studies are needed to strengthen the statement of the anti-caries effect contributed
by naturally occurring salivary electrolytes. Immunoglobulins (Ig) are the major group of proteins
appearing in human saliva. The prominent immunogloblins in saliva are a subclass of IgA, followed
by IgG and IgM subclasses [42]. In addition, there are a number of innate host defense proteins and
peptides that could be used as salivary biomarkers for dental caries, such as agglutinins, amylase,
antimicrobial peptides, lysozymes, lactoferrin, mucous glycoproteins, peroxidase and total protein
level [43–46]. The salivary flow rate, pH in saliva and buffering capacity and salivary sugar clearance
rate are also considerable salivary biomarkers for detection of dental caries lesions [47]. Inflammatory
biomarkers associated with dental caries have been detected in saliva [48].
1.6. Salivary Biomarkers and Systemic Inflammation
Systemic inflammation has acute and chronic forms, and the biochemical processes release
cytokines as “emergency signals” that bring in the body's immune cells and activate the innate immune
system, hormones and nutrients to solve the problem. A number of specific molecular biomarkers for
different conditions, such as cancer, diabetes and cardiovascular disease (CVD)/myocardial infarction
(MI), are being identified [49–51].
1.7. Salivary Biomarkers and Cancer
In salivary diagnostics, to detect or monitor different types of cancer is a main focus of the research
field. Oral squamous cell carcinoma (OSCC) is the most common malignant neoplasm of the oral
cavity [52]. OSCC patients indicated that a specific marker of oxidative stress, malondialdehyde
(MDA) in saliva, is a better diagnostic tool as compared to MDA in blood [53]. IL-8 levels in saliva
were elevated in patients who had experienced tumour diseases [3]. Salazar et al. (2014) reported
to detect head and neck squamous cell carcinoma (HNSCC) MicroRNAs (miRNAs) of saliva were
used, and the results showed that miR-9, miR-134 and miR-191 were differentially expressed between
saliva from HNSCC patients and healthy controls. The same research group suggested that these
saliva-derived miRNAs may serve as novel biomarkers to reliably detect HNSCC [54]. A number
of cytokines and chemokins involved in cancer progression are detectable in saliva-based testing of
these biomarkers and are promising. They depend upon the methods/techniques for analysis, such
as interferon-gamma (IFN-γ), TNF-α, IL-1β, transforming growth factor-beta-1 (TGF-β1), epidermal
growth factor (EGF), IL-6 and -8, vascular endothelial growth factor (VEGF), interleukins-4 and -10,
tumour necrosis factor (TNF) and endothelin [55]. Salivary gland carcinomas (SGCs) make up about
5% of all cancers of the head and neck, so there is a need to develop new molecular biomarkers for
early and improved diagnosis of SGCs and further research in this area is required.
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1.8. Salivary Biomarkers and Diabetes
One of the most common chronic diseases is diabetes, which occurs either when the pancreas
does not produce enough insulin or when the body cannot effectively use the insulin it produces.
Hyperglycaemia is an effect of uncontrolled diabetes and over time leads to serious damage to
several organs in the body, mainly the blood vessels and nerves [56]. The prevalence of diabetes
in adults over 18 years of age was 8.5% in 2014 worldwide and the prevalence has been increasing
rapidly in middle- and low-income countries [57]. Diabetes is a major cause of blindness, kidney
failure, myocardial infarction, stroke and lower limb amputation [57] and has an association with
periodontal disease [58]. Few studies are available that detect salivary inflammatory biomarkers in
patients with diabetes. In a child population, unstimulated saliva samples were analyzed and the
salivary levels of CRP, insulin and leptin are remarkably higher in obese children compared to healthy,
normal-weight children [59]. In a cross sectional study consisting of 451 patients Rathnayake et al.
(2013) found elevated salivary levels of MMP-8 among diabetes patients [3]. In type I diabetes patients,
salivary N-acetyl-β-D-hexosaminidase was found to be significant increased compared to healthy
control subjects [60]. In a study performed by Border and co-author, a reported 52 different proteins
were detected, and some highly diabetes-related salivary inflammatory biomarkers were observed in
diabetes patients compared to controls [61].
1.9. Salivary Biomarkers and Myocardial Infarction
In 1956, a study on the use of cardiac biomarkers of myocardial infarction (MI) was
published, [62] and since that time, highly sensitive methods for biomarker detection have been
developed. Due to a myocardial injury caused by myocardial ischemia- and necrosis certain biomarkers
are released, such as cardiac troponins I (TnI) and T (TnT), creatine kinase-MB, total creatine kinase,
myoglobin, lactate dehydrogenase [63,64]. Cardiac TnI and TnT consider as the golden standard for
diagnosis of acute MI (AMI) as they are tissue specific for the myocardium [65]. Few publications have
revealed correlations between serum and salivary biomarkers related to cardiovascular disease [66,67].
Tn I levels reach their peak within 10–14 h following an AMI, and according to previous studies, Tn I
levels could be detected in saliva within 24 h of onset of AMI [67]. Floriano et al. (2009) showed in their
investigation that saliva-based nano-biochip tests together with an electrocardiogram could provide
a prompt screening method for AMI patients in the prehospital stage, and the investigators in this
study were also able to detect elevated salivary levels of creatine kinase-MB, myoglobin, TnI and T,
C-reactive proteins (CRP), TNF-α, MMP-9 and myeloperoxidase in AMI patients [68]. Furthermore,
a few other markers, like cystatin C, growth differentiation factor-15 and N-terminal prohormone of
brain natriuretic peptide related to MI are detectable in saliva [69]. In a Finnish study, patients with
acute ischemic stroke had their systemic and local inflammatory markers analyzed in saliva. The results
of this study showed controls had enhanced levels of salivary MMP-8, myeloperoxidase (MPO) and
IL-1β compared to the patients, since the control group was suffering from ongoing periodontal disease
and the patients more often had evidence of end-stage periodontitis with edentulism and missing teeth.
In addition, the patients in this study had higher levels of serum MMP-8 and MPO [70]. Additional
longitudinal studies are needed to check the potential for detecting salivary biomarkers associated
with myocardial infarction and ischemic stroke.
2. Development of Point of Care/Chairside Test for Oral (Periodontal Disease and
Peri-Implantitis) Conditions
Developing a chairside/PoC-based to disease-specific biomarkers is of great interest as it would
make life easier for clinicians and researchers in odontological science as well as for patients.
Disease-specific biomarkers increase the specificity and sensitivity when obtaining diagnostic and
prognostic information.
Specificity and sensitivity needed to be considered when it comes to usefulness of salivary
diagnostic/screening tests in clinics. The sensitivity of a test describes its capacity to properly identify
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patients with the disease. It is very important to have highly sensitivity tests to use to identify different
outcomes, e.g., a clinical test with 75% sensitivity identifies 75% of patients with the disease (true
positives) but 25% with the disease will be undetected (false negatives). Specificity of a test describes
the capacity of the clinical test to properly identify patients without the disease, e.g., a clinical test
with 75% specificity appropriately shows 75% of patients without the disease as test negative (true
negatives) but 25% of patients without the disease are falsely identified as positive (false positives).
A clinical test with high specificity and sensitivity is required to obtain acceptable outcomes.
PerioSafe [26] and ImplantSafe are two ideal PoC tests that are rapid, sensitive, accurate,
reproducible and inexpensive. These are two different chair-side mouth rinse and PISF tests based on
an active MMP-8 (aMMP-8) immunoassay for measuring the inflammatory burden of periodontitis
and peri-implantitis.
2.1. PerioSafe
PerioSafe, the lateral flow chromatography aMMP-8 oral fluid PoC–immunotest, identifies and
screens chronic and initial periodontitis sites and patients, differentiates active sites and patients,
predicts disease progression, and can be utilized to monitoring the treatment and medication as well as
during maintenance [27–29,71,72]. Additionally, it identifies genetically predisposed adolescents [73].
A positive aMMP-8 test is based on a cutoff of 25 ng aMMMp-8 per milliliter of filtrate derived from
5 mL mouth rinse. After comparing values from 130 patients with chronic periodontitis at six different
cutoffs (20, 25, 30, 35, 40 and 50 ng/mL) by ELISA, the cutoff of 25 ng/mL was chosen based on k
values [71]. One line on the test device indicates that the test has successfully analyzed the drop of
mouth rinse, and the result is negative. The result is positive if two lines are observed, indicating
elevated risk of periodontitis [71].
The sensitivity and specificity of the PerioSafe aMMP-8 test have been demonstrated to be 76.5%
and 96.7% for >2 sites and deepened pockets, respectively [71]. The test has been independently and
internationally successful validated in Africa, Europe and USA, and in all studies it found to excellently
differentiate periodontal health and disease [71,73–76].
The aMMP-8 chairside test (Figures 2 and 3) is performed on participants to identify individuals
with elevated saliva MMP-8 in periodontitis patients. One line on the test device indicates that the
test has successfully analyzed the drop of saliva and the result is negative. The result is positive if
two lines are observed (Figure 3, indicating elevated risk for periodontitis; low-risk (light line) and
high-risk (dark line). A test with 100% sensitivity recognize all patients with the disease; a test with
100% specificity rules out the disease in all healthy patients.
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Figure 5. (a) Demonstrate the clinical and radiographic features of peri-implantitis and use of
ImplantSafe; (b) Two clear lines indicate elevated risk for peri-implantitis. A positive test result:
both control (C) line and test (T) line are visible, reveals elevated collagenolytic activity.
3. Conclusions
Certain biomark s f und in saliva are of high sensitivity and sp cific ty, particularly in oral
diseases, such as periodontal disease, dental caries and oral cancer, but identifying disease-specific
molecular biomarkers in whole saliva is challenging, since advanced methods are required.
Intracellular location, the size of the proteins, and the characteristics of the local biological fluid
flow are factors that have an influence on the expression and release of biomarkers. In addition,
the type of aliva used for diag ostic purposes to detect systemic conditions has an impact. In this
regard, unstimul ted saliva eveals more infor ation than stimulated saliva since unstimulated
saliva contains higher concentrations of screening/diagnostic biomarkers. Studies on the relationship
between salivary biomarkers and oral- and systemic diseases have several methodological limitations
that make it difficult to draw conclusions, as most of the studies are cross-sectional with a small
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number of subjects. As a results, this limit the statistical power and the possibility of establishing any
causal relationship between analyzed biomarkers in saliva and certain conditions.
The current knowledge regarding the relationship between salivary biomarkers and disease
diagnostics is limited, so the clinical utilization of oral fluid biomarkers to identify oral and systemic
conditions calls for the development of non-invasive screening and diagnostic procedures. This is
among the key goals of salivary/mouth-rinse/oral fluid researchers. Eventually this research field
shall be designated “dental or oral clinical chemistry.” The aMMP-8 lateral-flow PoC immunotests
(PerioSafe and ImplantSafe kits), currently commercially available, are good, inexpensive and practical
examples of such developments in this field.
Conflicts of Interest: Timo Sorsa is inventor of US-Patents 5652227, 5866432 and 6143476.
References
1. Veerman, E.C.; van den Keybus, P.A.; Vissink, A.; Nieuw Amerongen, A.V. Human glandular salivas:
Their separate collection and analysis. Eur. J. Oral Sci. 1996, 104, 346–352. [CrossRef] [PubMed]
2. Lee, Y.H.; Wong, D.T. Saliva: An emerging biofluid for early detection of diseases. Am. J. Dent. 2009, 22,
241–248. [PubMed]
3. Rathnayake, N.; Åkerman, S.; Klinge, B.; Lundegren, N.; Jansson, H.; Tryselius, Y.; Sorsa, T.; Gustafsson, A.
Salivary Biomarkers for Detection of Systemic Diseases. PLoS ONE 2013, 8, e61356. [CrossRef] [PubMed]
4. Seymour, G.J.; Gemmell, E. Cytokines in periodontal disease: Where to from here? Acta Odontol. Scand. 2001,
59, 167–173. [CrossRef] [PubMed]
5. Kaufman, E.; Lamster, I.B. The diagnostic applications of saliva a review. Crit. Rev. Oral. Biol. Med. 2002, 13,
197–212. [CrossRef]
6. Malamud, D. Saliva as a diagnostic fluid. BMJ 1992, 305, 207–208. [CrossRef] [PubMed]
7. Rathnayake, N.; Åkerman, S.; Klinge, B.; Lundegren, N.; Jansson, H.; Tryselius, Y.; Sorsa, T.; Gustafsson, A.
Salivary biomarkers of oral health: A cross-sectional study. J. Clin. Periodontol. 2013, 40, 140–147. [CrossRef]
[PubMed]
8. Armitage, G.C. Development of a classification system for periodontal diseases and conditions.
Ann. Periodontol. 1999, 4, 1–6. [CrossRef] [PubMed]
9. Kassebaum, N.J.; Bernabé, E.; Dahiya, M.; Bhandari, B.; Murray, C.J.; Marcenes, W. Global Burden of Severe
Tooth Loss: A Systematic Review and Meta-analysis. J. Dent. Res. 2014, 93, 20–28. [CrossRef] [PubMed]
10. Pihlstrom, B.L.; Michalowicz, B.S.; Johnson, N.W. Periodontal diseases. Lancet 2005, 19, 1809–1820. [CrossRef]
11. Page, R.C.; Kornman, K.S. The pathogenesis of human periodontitis: An introduction. Periodontology 2000
1997, 14, 9–11. [CrossRef] [PubMed]
12. Miller, C.S.; King, C.P., Jr.; Langub, M.C.; Kryscio, R.J.; Thomas, M.V. Salivary biomarkers of existing
periodontal disease: A cross-sectional study. J. Am. Dent. Assoc. 2006, 137, 322–329. [CrossRef] [PubMed]
13. Uitto, V.J.; Overvall, C.M.; McCulloch, C. Proteolytic host enzymes in gingival crevicular fluid. Periodontology
2000 2003, 31, 77–104. [CrossRef] [PubMed]
14. Amalinei, C.; Caruntu, I.D.; Ginsca, S.E.; Balan, R.A. Matrix metalloproteinase involvement in pathological
condition. Rom. J. Morphol. Embryol. 2010, 52, 215–228.
15. Nagase, H. Activation mechanisms of matrix metalloproteinases. Biol. Chem. 1997, 378, 151–160. [PubMed]
16. Verstappen, J.; Von den Hoff, J.W. Tissue inhibitors of metalloproteinases (TIMPs): Their biological functions
and involvement in oral disease. J. Dent. Res. 2006, 85, 1074–1084. [CrossRef] [PubMed]
17. Sorsa, T.; Tjäderhane, L.; Konttinen, Y.T.; Lauhio, A.; Salo, T.; Lee, H.M.; Golub, L.M.; Brown, D.L.;
Mäntylä, P. Matrix metalloproteinases: Contribution to pathogenesis, diagnosis and treatment of periodontal
inflammation. Ann. Med. 2006, 38, 306–321. [CrossRef] [PubMed]
18. Tschesche, H.; Haerian, A.; Kinane, D.F.; Konttinen, Y.T.; Sorsa, T. Matrix metalloproteinases and their
inhibitors in gingival crevicular fluid and saliva of periodontitis patients. J. Clin. Periodontol. 1996, 23,
1127–1132.
19. Derks, J.; Tomasi, C. Peri-implant health and disease. A systematic review of current epidemiology.
J. Clin. Periodontol. 2015, 42, 158–171. [CrossRef] [PubMed]
Diagnostics 2017, 7, 7 10 of 12
20. Roos-Jansåker, A.M.; Lindahl, C.; Renvert, H.; Renvert, S. Nine- to fourteen year follow-up of implant
treatment. Part II: Presence of peri-implant lesions. J. Clin. Periodontol. 2006, 33, 290–295. [CrossRef]
[PubMed]
21. Derks, J.; Schaller, D.; Håkansson, J.; Wennström, J.L.; Tomasi, C.; Berglundh, T. Effectiveness of implant
therapy analyzed in a Swedish population: Prevalence of peri-implantitis. J. Dent. Res. 2016, 95, 43–49.
[CrossRef] [PubMed]
22. Jepsen, S.; Berglundh, T.; Genco, R.J.; Aass, A.M.; Demirel, K.; Derks, J.; Figuero, E.; Giovannoli, J.L.;
Goldstein, M.; Lambert, F.; et al. Primary prevention of peri-implantitis: Managing peri-implant mucositis.
J. Clin. Periodontol. 2015, 42, 152–157. [CrossRef] [PubMed]
23. Mäntylä, P.; Stenman, M.; Kinane, D.F.; Tikanoja, S.; Luoto, H.; Salo, T.; Sorsa, T. Gingival crevicular fluid
collagenase-2 (MMP-8) test stick for chair-side monitoring of periodontitis. J. Periodontal Res. 2003, 38,
436–439. [CrossRef] [PubMed]
24. Mäntylä, P.; Stenman, M.; Kinane, D.; Salo, T.; Suomalainen, K.; Tikanoja, S.; Sorsa, T. Monitoring periodontal
disease status in smokers and nonsmokers using a gingival crevicular fluid matrix metalloproteinase
8-specific chair-side test. J. Periodontal Res. 2006, 41, 503–512. [CrossRef] [PubMed]
25. Kivelä-Rajamäki, M.; Maisi, P.; Srinivas, R.; Tervahartiala, T.; Teronen, O.; Husa, V.; Salo, T.; Sorsa, T.
Levels and molecular forms of MMP-7 (matrilysin-1) and MMP-8 (collagenase-2) in diseased human
peri-implant sulcular fluid. J. Periodontal Res. 2003, 38, 583–590. [CrossRef] [PubMed]
26. Sorsa, T.; Gursoy, U.K.; Nhwator, S.; Hernandez, M.; Tervahartiala, T.; Leppilahti, J.; Gursoy, M.; Könönen, E.;
Emingil, G.; Pussinen, P.J.; et al. Analysis of matrix metalloproteinases in gingival crevicular fluid (GCF),
mouthrinse and saliva for monitoring periodontal diseases. Periodontology 2000 2016, 70, 142–163. [CrossRef]
[PubMed]
27. Leppilahti, J.M.; Kallio, M.A.; Tervahartiala, T.; Sorsa, T.; Mäntylä, P. Gingival crevicular fluid
matrix metalloproteinase-8 levels predict treatment outcome among smokers with chronic periodontitis.
J. Periodontol. 2014, 85, 250–260. [CrossRef] [PubMed]
28. Leppilahti, J.M.; Hernandez-Rıos, P.A.; Gamonal, J.A.; Tervahartiala, T.; Brignardello-Petersen, R.; Mäntylä, P.;
Sorsa, T.; Hernández, M. Matrix metalloproteinases and myeloperoxidase in gingival crevicular fluid provide
site-specific diagnostic value for chronic periodontitis. J. Clin. Periodontol. 2014, 41, 348–356. [CrossRef]
[PubMed]
29. Leppilahti, J.M.; Sorsa, T.; Kallio, M.A.; Tervahartiala, T.; Emingil, G.; Han, B.; Mäntylä, P. The utility of
gingival crevicular fluid matrix metalloproteinase-8 response patterns in prediction of site-level clinical
treatment outcome. J. Periodontol. 2015, 86, 777–787. [CrossRef] [PubMed]
30. Kivelä-Rajamäki, M.J.; Teronen, O.P.; Maisi, P.; Husa, V.; Tervahartiala, T.; Pirilä, E.M.; Salo, T.A.; Mellanen, L.;
Sorsa, T.A. Laminin-5 gamma2-chain and collagenase-2 (MMP-8) in human peri-implant sulcular fluid.
Clin. Oral Implants Res. 2003, 14, 158–165. [CrossRef] [PubMed]
31. Teronen, O.; Konttinen, Y.T.; Lindqvist, C.; Salo, T.; Ingman, T.; Lauhio, A.; Ding, Y.; Santavirta, S.;
Sorsa, T. Human neutrophil collagenase MMP-8 in peri-implant sulcus fluid and its inhibition by clodronate.
J. Dent. Res. 1997, 76, 1529–1537. [CrossRef] [PubMed]
32. Xu, L.; Yu, Z.; Lee, H.M.; Wolff, M.S.; Golub, L.M.; Sorsa, T.; Kuula, H. Characteristics of collagenase-2
from gingival crevicular fluid and peri-implant sulcular fluid in periodontitis and peri-implantitis patients:
Pilot study. Acta Odontol. Scand. 2008, 66, 219–224. [CrossRef] [PubMed]
33. Petersen, P.E. World oral health report 2003: Continuous improvement of oral health in the 21st century—The
approach of the WHO Global Oral Health Programme. Community Dent. Oral Epidemiol. 2003, 31, 3–24.
[CrossRef] [PubMed]
34. Fejerskov, O.; Kidd, E. Dental Caries: The Disease and Its Clinical Management, 2nd ed.; Wiley-Blackwell:
Hoboken, NJ, USA, 2008.
35. Van Houte, J. Microbiological predictors of caries risk. Adv. Dent. Res. 1993, 7, 87–96. [CrossRef] [PubMed]
36. Marsh, P.; Martin, M.V. Oral Microbiology; Elsevier: Amsterdam, The Netherlands, 2009.
37. Liljemark, W.F.; Bloomquist, C. Human oral microbial ecology and dental caries and periodontal diseases.
Crit. Rev. Oral Biol. Med. 1996, 7, 180–198. [CrossRef] [PubMed]
38. Van Houte, J. Role of microorganisms in caries etiology. J. Dent. Res. 1994, 73, 672–681. [PubMed]
Diagnostics 2017, 7, 7 11 of 12
39. Gross, E.L.; Beall, C.J.; Kutsch, S.R.; Firestone, N.D.; Leys, E.J.; Griffen, A.L. Beyond Streptococcus mutans:
Dental caries onset linked to multiple species by 16S rRNA community analysis. PLoS ONE 2012, 7, e47722.
[CrossRef] [PubMed]
40. De Carvalho, F.G.; Silva, D.S.; Hebling, J.; Spolidorio, L.C.; Spolidorio, D.M. Presence of mutans streptococci
and Candida spp. in dental plaque/dentine of carious teeth and early childhood caries. Arch. Oral Biol. 2006,
51, 1024–1028. [CrossRef] [PubMed]
41. García-Godoy, F.; Hicks, M.J. Maintaining the integrity of the enamel surface: The role of dental biofilm,
saliva and preventive agents in enamel demineralization and remineralization. J. Am. Dent. Assoc. 2008, 139,
25–34. [CrossRef]
42. Hanson, L.A.; Brandtzaeg, P. The discovery of secretory IgA and the mucosal immune system.
Immunol. Today 1993, 14, 416–417. [CrossRef]
43. Brandtzaeg, P. Two types of IgA immunocytes in man. Nat. New Biol. 1973, 243, 142–143. [CrossRef]
[PubMed]
44. Brandtzaeg, P.; Fjellanger, I.; Gjeruldsen, S.T. Immunoglobulin M: Local synthesis and selective secretion in
patients with immunoglobulin A deficiency. Science 1968, 160, 789–791. [CrossRef] [PubMed]
45. Hancock, R.E.; Lehrer, R. Cationic peptides: A new source of antibiotics. Trends Biotechnol. 1998, 16, 82–88.
[CrossRef]
46. Humphrey, S.P.; Williamson, R.T. A review of saliva: Normal composition, flow, and function.
J. Prosthet. Dent. 2001, 85, 162–169. [CrossRef] [PubMed]
47. Lenander-Lumikari, M.; Loimaranta, V. Saliva and dental caries. Adv. Dent. Res. 2000, 14, 40–47. [CrossRef]
[PubMed]
48. Hedenbjörk-Lager, A.; Bjørndal, L.; Gustafsson, A.; Sorsa, T.; Tjäderhane, L.; Åkerman, S.; Ericson, D. Caries
correlates strongly to salivary levels of matrix metalloproteinase-8. Caries Res. 2015, 49, 1–8. [CrossRef]
[PubMed]
49. Boyle, J.O.; Mao, L.; Brennan, J.A.; Koch, W.M.; Eisele, D.W.; Saunders, J.R.; Sidransky, D. Gene mutations in
saliva as molecular markers for head and neck squamous cell carcinomas. Am. J. Surg. 1994, 168, 429–432.
[CrossRef]
50. Hu, S.; Arellano, M.; Boontheung, P.; Wang, J.; Zhou, H.; Jiang, J.; Elashoff, D.; Wei, R.; Loo, J.A.; Wong, D.T.
Salivary proteomics for oral cancer biomarker discovery. Clin. Cancer Res. 2008, 14, 6246–6252. [CrossRef]
[PubMed]
51. Zhang, L.; Xiao, H.; Karlan, S.K.; Zhou, H.; Gross, J. Salivary Transcriptomic and Proteomic Biomarkers for
Breast Cancer Detection. PLoS ONE 2010, 5, e15573.
52. Speight, P.M.; Palmer, S.; Moles, D.R.; Downer, M.C.; Smith, D.H.; Henriksson, M.; Augustovski, F.
The cost-effectiveness of screening for oral cancer in primary care. Health Technol. Assess. 2006, 10, 1–144.
[CrossRef] [PubMed]
53. Rasool, M.; Khan, S.R.; Malik, A.; Khan, K.M.; Zahid, S.; Manan, A.; Qazi, M.H.; Naseer, M.I. Comparative
Studies of Salivary and Blood Sialic Acid, Lipid Peroxidation and Antioxidative Status in Oral Squamous
Cell Carcinoma (OSCC). Pak. J. Med. Sci. 2014, 30, 466–471. [CrossRef] [PubMed]
54. Salazar, C.; Nagadia, R.; Pandit, P.; Cooper-White, J.; Banerjee, N.; Dimitrova, N.; Coman, W.B.;
Punyadeera, C. A novel saliva-based microRNA biomarker panel to detect head and neck cancers. Cell. Oncol.
2014, 37, 331–338. [CrossRef] [PubMed]
55. Prasad, G.; McCullough, M. Chemokines and cytokines as salivary biomarkers for the early diagnosis of oral
cancer. Int. J. Dent. 2013, 2013, 813756. [CrossRef] [PubMed]
56. Definition, Diagnosis and Classification of Diabetes Mellitus and Its Complications. Part 1: Diagnosis and
Classification of Diabetes Mellitus; Report Number: WHO/NCD/NCS/99.2; World Health Organization:
Geneva, Switzerland, 1999.
57. Global Report on Diabetes; World Health Organization: Geneva, Switzerland, 2016.
58. Khader, Y.S.; Dauod, A.S.; El-Qaderi, S.S.; Alkafajei, A.; Batayha, W.Q. Periodontal status of diabetics
compared with nondiabetics: A meta-analysis. J. Diabetes Complicat. 2006, 20, 59–68. [CrossRef] [PubMed]
59. Goodson, J.M.; Kantarci, A.; Hartman, M.L.; Denis, G.V.; Stephens, D.; Hasturk, H.; Yaskell, T.; Vargas, J.;
Wang, X.; Cugini, M.; et al. Metabolic disease risk in children by salivary biomarker analysis. PLoS ONE
2014, 10, e98799. [CrossRef] [PubMed]
Diagnostics 2017, 7, 7 12 of 12
60. Zalewska-Szajda, B.; Dariusz Szajda, S.; Waszkiewicz, N.; Chojnowska, S.; Gos´cik, E.; Łebkowska, U.;
Ke˛pka, A.; Bossowski, A.; Zalewska, A.; Janica, J.; et al. Activity of N-acetyl-β-D-hexosaminidase in the
saliva of children with type 1 diabetes. Postepy Hig. Med. Dosw. 2013, 67, 996–999. [CrossRef] [PubMed]
61. Border, M.B.; Schwartz, S.; Carlson, J.; Dibble, C.F.; Kohltfarber, H.; Offenbacher, S.; Buse, J.B.; Bencharit, S.
Exploring salivary proteomes in edentulous patients with type 2 diabetes. Mol. Biosyst. 2012, 8, 1304–1310.
[CrossRef] [PubMed]
62. Bernard, R.; Corday, E.; Eliasch, H.; Gonin, A.; Hiait, R.; Nikolaeva, L.F.; Oakley, C.M.; Oliver, M.F.; Pisa, Z.;
Puddu, V.; et al. Nomenclature and criteria for diagnosis of ischemic heart disease. Report of the Joint
International Society and Federation of Cardiology/World Health Organization task force on standardization
of clinical nomenclature. Circulation 1979, 59, 607–609.
63. Mueller, M.; Vafaie, M.; Biener, M.; Giannitsis, E.; Katus, H.A. Cardiac Troponin T. Circ. J. 2013, 77, 1653–1661.
[CrossRef] [PubMed]
64. Tiwari, R.P.; Jain, A.; Khan, Z.; Kohil, V.; Bharmal, R.N.; Kartikeyan, S.; Bisen, P.S. Cardiac Troponin I and T:
Molecular markers for early diagnosis, prognosis, and accurate triaging of patients with acute myocardial
infarction. Mol. Diagn. Ther. 2012, 16, 371–381. [CrossRef] [PubMed]
65. Alpert, J.S.; Thygesen, K.; Antman, E.; Bassand, J.P. Myocardial infarction redefined—A consensus document
of The Joint European Society of Cardiology/American College of Cardiology Committee for the redefinition
of myocardial infarction. J. Am. Coll. Cardiol. 2000, 36, 959–969. [PubMed]
66. Ouellet-Morin, I.; Danese, A.; Williams, B.; Arseneault, L. Validation of a high-sensitivity assay for C-reactive
protein in human saliva. Brain. Behav. Immun. 2011, 25, 640–646. [CrossRef] [PubMed]
67. Mirzaii-Dizgah, I.; Riahi, E. Salivary troponin I as an indicator of myocardial infarction. Indian J. Med. Res.
2013, 138, 861–865. [PubMed]
68. Floriano, P.N.; Christodoulides, N.; Miller, C.S.; Ebersole, J.L.; Spertus, J.; Rose, B.G.; Kinane, D.F.; Novak, M.J.;
Steinhubl, S.; Acosta, S.; et al. Use of saliva-based nano-biochip tests for acute myocardial infarction at the
point of care: A feasibility study. Clin. Chem. 2009, 55, 1530–1538. [CrossRef] [PubMed]
69. Rathnayake, N. Salivary Biomarkers—Diagnostic Potential in Oral and Systemic Diseases in Epidemiological
Surveys. Ph.D. Thesis, Karolinska Institutet, Stockholm, Sweden, 2014.
70. Palm, F.; Lahdentausta, L.; Sorsa, T.; Tervahartiala, T.; Gokel, P.; Buggle, F.; Safer, A.; Becher, H.; Grau, A.J.;
Pussinen, P. Biomarkers of periodontitis and inflammation in ischemic stroke: A case-control study.
Innate Immun. 2014, 20, 511–518. [CrossRef] [PubMed]
71. Heikkinen, A.M.; Nwhator, S.O.; Rathnayake, N.; Mäntylä, P.; Vatanen, P.; Sorsa, T. Pilot Study on Oral
Health Status as Assessed by an Active Matrix Metalloproteinase-8 Chairside Mouthrinse Test in Adolescents.
J. Periodontol. 2016, 87, 36–40. [CrossRef] [PubMed]
72. Hernández-Ríos, P.; Hernández, M.; Tervahartiala, T.; Leppilahti, J.; Kuula, H.; Heikkinen, A.M.; Mäntylä, P.;
Rathnayake, N.; Nhwator, S.; Sorsa, T. Oral fluid MMP-8 as a diagnostic tool in chronic periodontitis.
Metalloproteinases Med. 2016, 2016, 11–18.
73. Heikkinen, A.M.; Raivisto, T.; Kettunen, K.; Kovanen, L.; Haukka, J.; Esmaeili, E.P.; Elg, J.; Gieselmann, D.R.;
Rathnayake, N.; Ruokonen, H.; et al. Pilot Study on the Genetic Background of an Active Matrix
Metalloproteinase (aMMP-8) Test in Finnish Adolescents. J. Periodontol. 2016, 17. [CrossRef] [PubMed]
74. Nwhator, S.O.; Ayanbadejo, P.O.; Umeizudike, K.A.; Opeodu, O.I.; Agbelusi, G.A.; Olamijulo, J.A.;
Arowojolu, M.O.; Sorsa, T.; Babajide, B.S.; Opedun, D.O. Clinical correlates of a lateral-flow immunoassay
oral risk indicator. J. Periodontol. 2014, 85, 188–194. [CrossRef] [PubMed]
75. Kraft-Neumärker, M.; Lorenz, K.; Koch, R.; Hoffmann, T.; Mäntylä, P.; Sorsa, T.; Netuschil, L. Full-mouth
profile of active MMP-8 in periodontitis patients. J. Periodontal Res. 2012, 47, 121–128. [CrossRef] [PubMed]
76. Izadi Borujeni, S.; Mayer, M.; Eickholz, P. Activated matrix metalloproteinase-8 in saliva as diagnostic test for
periodontal disease? A case-control study. Med. Microbiol. Immunol. 2015, 204, 665–672. [CrossRef] [PubMed]
© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
